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(g) Low density agglomerate utilizing a carbohydrate binder. 

(57) A process for the preparation of a low density, substantially . water-insoluble, particulate material 
which comprises forming an aqueous slurry containing precipitated calcium carbonate and a carbohy- 
drate binder and treating said sluny to heating and mechanical processing steps to Provide a 
particulate material having a particle size of 5-300 microns, a particle density of no more than 1.0 g/ml.. 
and a resistance against degradation in water; and a low density, substantially water-insoluble, calcium 
carbonate-containing, particulate material prepared by such process. 
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LOW DENSITY AGGLOMERATE UTILIZING A CARBOHYDRATE BINDER 



This invention relates to a low density, substantially water-insoluble, particulate material and to a process 
for the preparation thereof. More particularly, the invention is concerned with a process for the preparation of 
a low density calcium carbonate-containing agglomerate, utilizing a carbohydrate as a binder, and the product 
5 of such process. 

Calcium carbonate, commonly known as chalk, exists in nature as the minerals aragonite, calcite and vat- 
erite and, in a precipitated or purified form, is widely used as a filler in the manufacture of paint, rubber, plastics, 
paper, dentifrices and other products ; and also in pharmaceuticals and cosmetics. It is also used therapeuti- 
cally as an antacid, a dietary supplement and an antidiarrheal agent 

10 It is generally available commercially in two crystalline forms, viz : orthorhombic aragonite having a melting 
point of 825C. (dec.) and a density of 2.83 g/ml., and hexagonal or rhombohedral calcite having a melting point 
of 1339C. (102.5 atm.) and a density of Z71 g/ml. 

Presently co-pending U.S. Patent Application Serial No. 298,085 for "Low Density Agglomerate", filed 
January 17, 1989, also assigned to Pfizer, Inc. and incorporated herein by reference, teaches and claims a 

15 low density calcium carbonate-based agglomerate in which an alkali metal polyphosphate is utilizable as a bin- 
der, and a process for preparing such material. 

Surprisingly, it has now been found that a lightweight, i.e. low density, agglomerate based on calcium car- 
bonate and having a density of no more than 1 .0 g/ml., can be prepared from precipitated calcium carbonate 
by subjecting the precipitated calcium carbonate, combined with a carbohydrate binder, to certain heating and 

20 mechanical processing steps. 

In accordance with the present invention there is provided a process for the preparation of a low density, 
substantially water-insoluble, particulate material which comprises forming an aqueous slurry containing pre- 
cipitated calcium carbonate having an initial average particle size of about 0.5 to 4.0 microns and 0 to 40% by 
weight based on the weight of the calcium carbonate, of a dissolved carbohydrate binder, drying said slurry 

25 to provide a granular material, heating the dried material to a temperature within the range of 200 to 800°C and 
maintaining the temperature for a period of from about one-half to about three hours, cooling the resulting 
agglomerate and crushing the material to a particle size of from about 5 to about 300 microns, to provide the 
desired particulate material having a particle density of no more than 1.0 g/ml. and a resistance against deg- 
radation in water. 

30 The use of a food-grade carbohydrate binder affords great flexibility for utilizing the agglomerates of this 
invention in situations where a high purity, non-toxic, ingestible, food-grade agglomerate is required. 

Suitable food-grade carbohydrate binders which may be used according to the present invention include 
the class of saccharides and polysaccharides. Specifically, this class includes sugar-based binders such as 
sucrose, high-fructose corn synjp, molasses and polydextrose. Additionally, starches, gums, and celluloses 
35 may be utilized as food-grade binders. Molasses and high-fructose corn syrup are particularly preferred food- 
grade binders because the heat treatment step of the process of this invention allows these binders to be 
pyrolyzed to form relatively insoluble water resistant agglomerates. 

The invention also provides a low density, substantially water-insoluble, calcium carbonate-containing, par- 
ticulate material prepared by a process as described above and having a particle size of from about 5 to about 
40 300 microns, a particle density of not more than 1 .0 g/ml. and a resistance against degradation in water. 

A preferred particulate material according to the Invention is one having a particle size of from about 5 to 
about 300 microns and a particle density of 0.7 to 0.9 g/ml. 

Preferably the particulate material comprises about 10 to 20 weight percent carbohydrate-based binder and 
the balance calcium carbonate. 
45 As used herein, the expression "resistance to degradation in water* means that the particulate material 
oragglomerate of the present invention retains its integrity after prolonged contact with water and an evaluation 
of this characteristic is presented in the experimental results appearing hereinafter. 

The low density particulate material of the present invention is useful as a filler or bulking agent in polymers, 
paper, construction materials or other applications where a lightweight bulking agent is desired. It is particularly 
so useful in certain food products where a lightweight aggregate of food-grade quality is desired. 

The low density agglomerate of the present invention is a porous medium which is also useful as a carrier 
for fragrances, flavors, insecticides, fertilizers and catalysts, for applications in the cosmetics, agricultural and 
chemical fields. The porosity of the agglomerate makes it useful as an absorbant 

As indicated hereinabove, calcium carbonat hasb enwid lyus das a fill r or bulking agent in various 
55 industrial products, in pharmaceuticals and in food. However, there ar som applications wh rein a material 

I-*.: — u . ^ *+r>A AAMWAnftAnal r*ct\r*\\ im ^orKnno^A Hov/inn a HAnsitv nf 9.7 to 2.83 a/ml.. 
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is not suitable. 

Since calcium carbonate has many desirable chemical and physical properties which render it suitable as 
5 a bulking agent and also it is readily available and easy to purify, it was considered worthwhile to ascertain 
whether it could be subjected to a densitynreducing treatm nt wher by th resulting product, while retaining 
the normal advantages associated with calcium carbonate, would be suitable for those applications wherein a 
low density material is essential or desirable. 

The desired lightweight agglomerates may be obtained by adding a suitable carbohydrate binder to prech 
10 pitated calcium carbonate, followed by heat treatment Experiments have established that carbohydrate binders 
such as molasses and corn syrup produce low density agglomerates when added to precipitated calcium car- 
bonate and subjected to this process. These agglomerates are resistant to degradation in water when heated 
to 300 to 450°C for 2 hours. For many applications carbohydrates, including gums, starches, sugars, cellulose, 
hemicelluloses, etc. can be used to obtain porous, low density agglomerates that are resistant to degradation 
15 in water. 

In a preferred embodiment of the invention, about 1 0 to 20 percent by weight (dry solids) of an appropriate 
carbohydrate binder is admixed with synthetic calcium carbonate. Albacar brand calcium carbonate is prefer- 
ably used because the unique morphology of the particles is especially beneficial in contributing to low density. 
The carbohydrate binder may be selected from the group consisting of sugar-based binders such as sucrose, 

20 high fructose corn syrup, molasses and polydextrose ; saccharides and polysaccharides ; starches ; gums ; 
and celluloses and hemicelluloses. Molasses and corn syrup are preferred. 

The carbohydrate binder is added to the calcium carbonate and the resulting slurry is mixed vigorously by 
hand or with a mechanical mixer until a uniform consistency is achieved ; indicating homogeneous distribution 
of the carbohydrate-based binder throughout the calcium carbonate. Low density agglomerates are made by 

25 spray drying the slurry at appropriate conditions to obtain a particle size from about 300 microns to near ultimate 
particle size, as desired. This material is then screened and fired in an oxygen-free atmosphere at 200 to 800°C. 
preferably 300 to 600°C, to make a water resistant product. After cooling, the particulate material is crushed 
and screened. 

In an alternative embodiment, the slurry is first partially dried to a mixture having a damp consistency. The 
30 damp mixture is pressed into disks, for example, by using a hydraulic press. A suitable size for said disks is 
about 8cm. in diameter. The pressure is controlled to produce disks of a desired strength and density. The disks 
are then crushed into granules and the resulting particulate material is fired at a temperature of about 200 to 
800 o C., preferably about 300 to 600°C. f in either a gas or an electric kiln, and soaked for about one hour" After 
cooling the particulate material is crushed to the desired particle size for a given application. For example, an 
35 aggregate of food-grade quality may be prepared with a particle size in the range of from about 5 to about 300 
microns. 

Drying of the agglomerate can be accomplished according to the present invention by a number of means 
known in the art, including, but not limited to, static bed drying, fluid bed drying and spray drying. 

In a further alternative embodiment of the process of this invention, the disk is dried, crushed and screened 
40 to a particle size of from at least about +400 mesh (U.S. Standard Sieve), corresponding to from about 37 
microns and larger, prior to heating of the dried material, instead of crushing and screening the material after 
heating. 

When the required particle size is larger than 300 microns, a pelletizing device is used to obtain the desired 
size fraction of low density agglomerate. 
45 Other sizing techniques, including air classification and elutriation, can be utilized as alternatives to crush- 
ing and screening. Air classification is utitized where it is desired to maintain the agglomerate in a dry state 
and elutriation is utilized where the agglomerate can be separated in a liquid medium. 

The following Examples illustrate preferred embodiments of the process of the invention and the resulting 
lightweight agglomerates. These Examples are non-limiting. Other examples and applications within the scope 
50 of the appended claims will be evident to those skilled in the art. 

Example 1 

Large Batch with 15% M lasses by Weight (m lass s solids t PCC solids) 

55 

Fiv hundred seventeen (517) pounds of food-grade calcium carbonate (Albacar 5971, Pfizer, N.Y.) having 
an average particle size of about 1.9 microns was added to 653 lbs of water containing 183 lbs of molasses 
(50% sugar solids) in a stainless steel vessel. The slurry with 45% solids was mixed well with a high sh ar motor 
driven mixer until a smooth, homogeneous consistency was obtained. The slurry was then fed to a spray dryer 
at an appropriate feed rate and temperatur required to leave less than 2% moistur . The spherical agglonv 
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erates obtained were screened to -120 +230 mesh (U.S. Standard Sieve) and individual samples were heated 
at 300'C 400°C and 450'C for 2 hours. The resulting products comprised discreet particles of calcium car- 
bonate having a bulk d nsity of 0.53 g/cc. Based on the standard v idvolum of 40% for closely sized spheres 
th sphere density was estimated to be about 0.88 g/cc. See Table I. From this the pore volume of th parbcles 
is calculated to be approximately 61%. The product showed good particle Integrity, low dusting and was resis- 
tant to degradation in water as the heat treatment temperature was increased to 450°C. See Table II. The pro- 
duct was light grey-brown and it was free flowing in nature. 

Example 2 

Large Batch with 15% Com Syrup by Weight (syrup solids to PCC solids 

Five hundred seventy (570) pounds of food-grade calcium carbonate (Albacar 5971) having an average 
prticle size of 1 .9 microns was added to 789 lbs of water contaning 131 lbs of high fructose corn syrup (77 A 
sugar solids) in a stainless steel vessel. This slurry with 45% solids was mixed well with a high shear motor 
driven mixer until a smooth homogeneous consistency was obtained. The slurry was then fed to a spray dryer 
at an appropriate feed rate and temperature required to leave less than 2% moisture. The sperical agglomerates 
obtained were screened to -120 +230 mesh and then heated at 300«C. 350°C, 400°C, and 450'C for 2 hours. 
The resulUng products comprised discreet particles of calcium carbonate having a bulk density of 0.5 g/cc. 
Based on the standard void volume of 40% for closely sized spheres the sphere density was estimated to be 
about 0 85 g/cc. See Table II. From this value the pore volume is calculated to be approximately 65 /». This 
product showed low dusting, good particle integrity and was relatively resistant to degradation in water as the 
heat treatment temperature was increased to 450<>C. See Table I. The product was light grey-brown and fre 
flowing in nature. 
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5 Percentage of -120 +230 mesh (U.S. Standard 
Treatment plus Dry and W t Screening 
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Claims 

1. A low density, substantially water-insoluble particulate material characterized by precipitated calcium car- 
bonate and up to about 40% by weight, based on the weight of calcium carbonate.of a carbohydrate binder 

25 selected from the group consisting of molasses, corn syrup, sugars, starches, gums cellulose, and hemi- 
celluloses, having a particle size of from about 5 to about 300 microns, and a particle density of no more 
than 1.0 g/ml. 

2. The particulate material according to claim 1 further characterized in that the carbohydrate binder is from 
30 about 2 to about 25 weight percent of the total weight. 

3. The particulate material according to claim 1 further characterized in that the density is from about 0.7 to- 
about 0.9 g/ml. 

35 4. The particulate material according to claim 2 further characterized in that the carbohydrate binder is molas- 
ses. 

5. A process for the preparation of a low density, substantially water-insoluble, particulate material charac- 
terized by forming an aqueous slurry containing precipitated calcium carbonate having an initial average 

40 particle size of about 0.5 to 4.0 microns and 0 to 40% by weight, based on the weight of the calcium car- 
bonate, of a dissolved carbohydrate binder, drying the slurry to provide a granular material, sizing the granu- 
lar material to a particle size of from about 5 to about 300 microns, heating the dried material to a 
temperature within the range of 200° to 800°C in the absence of oxygen and maintaining the temperature 
for a period of one to two hours, cooling the resulting agglomerate and crushing the material to a particle 

45 size of from about 5 to about 300 microns, to provide the desired particulate material having a particle den- 
sity of no more than 1.0 g/ml. and a resistance against degradation in water. 

6. The process according to claim 5 further characterized by the carbohydrate binder being one selected from 
the group consisting of molasses, corn syrup, sugars, starches, gums cellulose, and hemi-cellutoses. 

50 

7. The process according to claim 6, further characterized by the carbohydrate binder being molasses. 

8. The process according to claim 5 further characterized by the heating step being carried out at a tempera- 
ture within the rang of 300° to 600°C. 

55 

9. The process according to claim 5 further characterized by drying of the slurry being performed using means 
selected from the group consisting of static bed drying, fluid bed drying and spray drying. 



10. The process according to claim 9 further characterized by the condition that when the means selected for 
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11. A low density, substantially wat r-insoluble, calcium carbonat -containing, particulate material charac- 
terized by being prepared according to the process of claim 5 and having a particle siz of from about 5 
to about 300 microns, a particle density of not more than 1.0 g/mt. and a resistance against degradation 
in water. i 

12. A particulate material according to claim 9 characterized by containing from about 2 to about 25 weight 
percent carbohydrate binder and the balance calcium carbonate, and having a particle size of from about 
5 to about 300 microns and a particle density of 0.7 to 0.9 g/ml. 
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